The Frank vectorcardiograms of 50 patients with complete transposition of the great vessels were analyzed, and the findings were correlated with the electrocardiogram and hemodynamics. The patients were divided into four groups according to the presence or absence of ventricular septal defect and left ventricular outflow tract obstruction. In group I, consisting of 20 patients with ventricular septal defect, the vector cardiograms showed evidence of combined ventricular hypertrophy in 80% of the cases, the scalar electrocardiogram, in 40%.
two groups, those with small and those with large communications. The latter included cases with large ventricular septal defect and patent ductus arteriosus. Shaher and Deuchar7 studied the electrocardiogram in complete transposition in relation to the pathology and hemodynamics. They classified their patients into three groups according to the presence or absence of ventricular septal defect and pulmonary stenosis. Such classification has been followed in this study, as it offered a better basis for correlation.
It is the purpose of this paper (1) to present a detailed description of the vectorcardiogram, as recorded with the Frank lead system, in 50 patients with complete transposition of the great vessels, (2) to compare the value of the vectorcardiogram versus the electrocardiogram in the diagnosis of ventricular hypertrophy patterns, and (3) to correlate the vectorcardiographic findings with the hemodynamics when available.
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Materials
The study comprised 50 patients with complete transposition of the great vessels. In all patients the pulmonary artery arose from the left ventricle and the aorta from the right ventricle. Patients who had such associated anomalies as single ventricle, tricuspid atresia, mitral atresia, and pulmonary atresia have been excluded. Ages ranged from 5 days to 13 years, as shown in table 1 .
Routine physical examination, cardiac x-rays, and standard 12-lead electrocardiograms, plus leads RV6, RV5 and RV4, were done on every patient. The criteria used for signs of right, left, and combined ventricular hypertrophy were those of Vince and Keith.8 Diagnosis was confirmed by cardiac catheterization and angiocardiography in all patients, by surgery in 30, and by autopsy in 13. In seven patients an atrial septal defect was surgically created during infancy.
The Frank vectorcardiograms were obtained by placing the electrodes at the level of the fourth intercostal space. The tracings were recorded by single exposure and on running paper using the Electronics for Medicine DR-8 vectrocardiograph. The exposures were made at various amplifications using a 1-mv standard calibration input signal. The vector loop was interrupted 400 times per second. In all tracings, the inscription was indicated by the pointed thin end of the time dash.
The vectorcardiograms were analyzed in the frontal, horizontal, and left sagittal plane projections in all cases. Measurements were made of the angular direction and magnitude of the instantaneous time vectors at 10-msec intervals, and of the maximum and half area QRS vectors, the T vector, and the half area QRS-T angle in all planes. The spatial QRS-T angle was calculated from Helm and Fowler's trigonometric tables.9 The methods used for calculating the pulmonary and systemic blood flows in complete transposition of the great vessels were those suggested by Shaher.10 Although the authors are aware that a pulmonary arterial blood sample is essential for 
Vectorcardiographic Criteria
The diagnostic vectorcardiographic criteria for ventricular hypertrophy, previously described in the literature, and those of the authors have been used in this study and are summarized as follows:
Right Ventricular Hypertrophy. These consisted of (1) spatial orientation of the half area and maximum QRS vector to the right, anteriorly or posteriorly, either inferiorly or superiorly; (2) clockwise inscription of the QRS loop in the horizontal plane after the age of 3 months; (3) anterior orientation of the maximum T vector in the horizontal plane after the age of 1 week; (4) 2 ). 2. In three patients the QRS loop was oriented mainly to the right, posteriorly and superiorly, with counterclockwise inscription in the horizontal plane ( fig. 3 ).
3. In two patients the QRS loop was oriented to the right and anteriorly with clockwise inscription in all three planes, indicating right ventricular hypertrophy.
The QRS loop was oriented leftward
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5. In the horizontal plane the QRS loop had a figure-of-eight configuration with the initial part being counterclockwise and terminal forces clockwise and directed to the right and posteriorly. The electrocardiographic counterpart of these last two patterns is a large diphasic complex in the mid-precordial leads referred to as the Katz-Wachtel sign.
6. In two patients, the QRS loop was spatially oriented to the left, posteriorly, either superiorly or inferiorly ( fig. 5) c). In one case, the initial vectors were directed to the right and anteriorly but with clockwise inscription, the reverse of normal; they then continued in a counterclockwise fashion. Horizontal Plane. The QRS loop was clockwise in three patients and had a figure-ofeight in one, in whom the initial forces were increased in magnitude and inscribed counterclockwise. The half area QRS vector was directed to the right and anteriorly ( fig. 1 ).
The mean magnitude of the maximum QRS vector was directed mainly anteriorly and inferiorly. The mean magnitude of the maximum QRS vector was 1.6 mv.
Left Sagittal Plane. The inscription of the QRS loop was clockwise in two patients and counterclockwise in the other two. The half area QRS vector was directed mainly anteriorly and inferiorly. The mean magnitude of the maximum QRS vector was 1.5 mv.
T Vector. The maximum T vector was directed inferiorly and anteriorly in three, and posteriorly in one. The spatial QRS-T angle was 720, SD, ± 11. Ventricular Hypertrophy Patterns. Isolated right ventricular hypertrophy was present in three patients and combined ventricular hypertrophy in one. This was particularly noticeable in group I patients with ventricular septal defect in which the incidence of combined ventricular hypertrophy with the electrocardiogram xvas 40% compared to 80% with the vectorcardiogram.
The scatter of the frontal mean electrical QRS axis was similar to that seen in the vectorcardiogram except in three patients in whom the axis and the inscription of the QRS loop was difficult to determine, as illustrated in figure 9. systemic in 14, and half systemic in one. The calculated pulmonary to systemic flow ratio was measured in 14 of 20 patients. In seven it was 2:1 or more, in four 1.5:1, and in two less than 1.5:1. With only one exception the vectorcardiogram in cases of increased pulmonary blood flow and systemic pressure in the left ventricle was consistent with combined or left ventricular hypertrophy. In the four autopsied cases in group I, the ventricular septal defect was posterior and inferior to the crista. The vectorcardiograms in all four cases showed combined ventricular hypertrophy.
In group II, patients with a ventricular septal defect and left ventricular outflow tract obstruction, the left ventricular pressure was measured in 10 patients, and it was systemic.
In six patients with severe obstruction, the pulmonary to systemic flow ratio was 1.0:1 or less. In two with moderate obstruction it was 1.6:1 and in one patient with mild obstruction it was 3:1. In the two autopsied cases, the Circutlaion, Volume XXXV, January 196 7 ventricular septal defect was anterior to the crista in one and of the A-V canal type in the other. Both showed right ventricular hypertrophy.
In group III, patients with intact ventricular septum, the left ventricular pressure and the pulmonary to systemic flow ratio were measured in all cases. The pulmonary to systemic flow ratio was 1.5:1 or less in eight patients and more than 2.1 in five. In 10 patients the left ventricular pressure was low; in two it was half systemic. In this group the vectorcardiogram was consistent with isolated right ventricular hypertrophy. In one patient who had a large patent ductus arteriosus, the left and right ventricular pressures were equal, and the pulmonary to systemic flow ratio was over 3:1. The vectorcardiogram in this case showed combined ventricular hypertrophy.
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RVs V1 V2 r 6 s A l r --w e c j 9 ¢ T j a w 9 9 1 ( [ X , 8 j 4 s t N S p . f . s ; s & 4 _ e j i i i . 4 k S e . X . q i 4 o s + a b v 9 ; -{ E X z S i E S X f 4 e . -$ : g S s i $ * i s 9 & 9 i w e [ 4 5 : s $ : Z g t ( g i B e i i e > t < | s ( 9 4 B > T i z e t S i î $ -t * t t E 4 . . f i i i E . o . ; < { . / > . N < . } i . s E ; . D i . S -E 5 Ŝ * 4 * : $ * . v . > j i F . * S s E . . g . M _ . f . 8 t . i § X < t t * t -t _ X A . ; e s l , * z t , S \ ] F g + _ 5 ( b ; > e f i : 9 o ; S : i i i ( i * e > ( e j S 2 5 ( d i | e t g . g i D < > f f i -t e l y x | < o t s 5 s e n e w - The electrocardiogram and vectorcardiogram of an 11-month-old patient in group I. In the frontal plane, the QRS loop is oriented superiorly with a figutre-of-elght configuration with initiail counterclockwise inscription. In the horizontal plane, the initial forces are prominent and directed to the right and anteriorly, producing a Q wave 2 min deep in V{;. was systemic and in one, slightly elevated. The pulmonary to systemic flow ratio was 2:1 in two and 1.6 flow. In our experience the incidence of the latter associated lesion is uncommon. The vectorcardiographic findings in this study confirmed the above conclusions. In group I, patients with ventricular septal defect, the vectorcardiogram portrayed a higher incidence of combined ventricular hypertrophy when correlated with the scalar electrocardiogram. In the horizontal plane the vectorcardiogram exhibited certain diagnostic features characteristic of a relatively large interventricular communication. These were counterclockwise inscriptions of the QRS loop and increased magnitude of the initial vectorial forces which were directed to the right and anteriorly, producing a prominent Q wave in the left precordial leads (2 mm or more).
The significance of such a finding has been well demonstrated previously by several authors in volume-load lesion of the left ventricle.5 17,18 Also, in the frontal plane, the half area QRS vector tended to be directed to the left either superiorly or inferiorly, with high incidence of counterclockwise inscription of the loop.
In group II, patients with ventricular septal defect and left ventricular outflow tract obstruction, the vectorcardiogram was not specific except for a significantly wide spatial QRS-T angle.
In groups III and IV, the vectorcardiogram was consistent with isolated right ventricular hypertrophy in the majority of cases. This is to be expected since most of these case-i have a low pressure in the left ventricle.
The superior and rightward orientation of the frontal half area QRS vector, producing the S5, S2, S3 electrocardiographic pattern, was observed in 36% of the patients in this study. It was noted more frequently in cases with ventricular septal defect and pulmonary stenosis. Several authors have observed such a pattern in complete transposition, and it generally indicates right ventricular hypertrophy. '19 20 Pure left ventricular hypertrophy patterns with left axis deviation were noted in 8% of the patients studied. They were found in cases associated with ventricular septal deCirculation, Volume XXXV, January 1967 fect or pulmonary stenosis. Such patterns have been previously observed by other authorS6' 7, 21 in complete transposition of the great vessels, but as Shaher and Deuchar pointed out,7 it is difficult to explain as pressure loading of the right ventricle is always present. The authors believe that the left axis deviation in some cases may be due to the presence of atrioventricularis communis type of defect.22
In two patients the initial vectorial forces in the horizontal plane were altered in direction, being oriented to the right and anteriorly in a clockwise fashion ( fig. 7c) . Such an unusual conduction disturbance has been observed previously by Elliott and co-workers23 in cases of anomalous left coronary artery and tricuspid atresia, and it usually indicates either focal lesion of the left ventricle or advanced left ventricular hypertrophy.
In conclusion, the electrical cardiac activity in complete transposition of the great vessels depends primarily on the pressure relationship between the right and left ventricles and the ratio of pulmonary to systemic blood flow. The pressure in the left ventricle is affected by the presence or absence of a ventricular septal defect or patent ductus arteriosus, size of the defect, the degree of pulmonary vascular resistance, and the presence or absence of left ventricular outflow tract obstruction.
The vectorcardiogram appears to be superior to the scalar electrocardiogram in expressing the presence of concomitant left ventricular hypertrophy in cases with ventricular septal defect. It seems necessary to point out here that the scalar electrocardiograms were not utilized to their maximum advantage, namely, being taken with multiple leads simultaneously and at a rapid speed.
